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ABSTRACT

Perchlorate-free flare compositions are disclosed which,
when burned, produce yellow smoke and flames. Methods of
producing the compositions are also disclosed.
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PERCHLORATE-FREE YELLOW SIGNAL
FLARE COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/334,101, filed Dec. 12, 2008 which
claims the benefit of U.S. Provisional Application No.
61/075,647, filed Jun. 25, 2008, both of which are hereby
expressly incorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] The invention described herein was made in the
performance of official duties by employees of the Depart-
ment ofthe Navy and may be manufactured, used, licensed by
or for the United States Government for any governmental
purpose without payment of any royalties thereon.

BACKGROUND

[0003] The present disclosure relates to approaches for
reformulating a variety of yellow pyrotechnic compositions
so as to limit environmentally objectionable perchlorate
ingredients while still providing acceptable performance
when compared to in-service signal flare devices.

[0004] Pyrotechnics are used in a variety of applications.
One such application is colored signal flares. Many such
pyrotechnic flare compositions include chlorate or perchlor-
ate oxidizers. Residual perchlorates from these devices may
be absorbed into groundwater and require remediation.
[0005] In the past, the vast majority of red, green, and
yellow signal flares have used perchlorate ingredients to pro-
duce their desired colors. This has contributed to an increase
in the total concentration of perchlorate residues at various
sites, such as military and industrial sites, and to generally
higher than desired concentration in drinking water supplies.
Clearly, any methods that can be used to limit the perchlorates
and minimize any other chlorine-containing ingredients
would be an environmentally noteworthy advance in the state
of the art.

[0006] The U.S. Navy has had an in-service yellow flare
perchlorate-containing composition (ISY 1). ISY 1 hashad a
product improvement replacement, the Yellow signal flare (IS
Y 2). ISY 2 uses the same composition as ISY 1. As shown
in Table 5, ISY 2 contains approximately thirty point three
weight percent (30.3%) Granulation 18 magnesium fuel,
approximately nineteen point eight weight percent (19.8%)
sodium oxalate, approximately twenty weight percent (20%)
barium nitrate, approximately twenty-one weight percent
(21%) potassium perchlorate, approximately four weight per-
cent (4%) asphaltum, and approximately five weight percent
(5%) binder. The binder includes within the range of approxi-
mately seventy percent (70%) to approximately eighty per-
cent (80%) Epon™ Resin 813 epoxy and within the range of
approximately twenty percent (20%) to approximately thirty
percent (30%) Versamid® 140 curing agent. Accordingly, it
was this composition that formed the starting point in the new
perchlorate-free yellow signal flare formulations disclosed in
the present patent.

SUMMARY

[0007] The present disclosure includes a flare composition
for producing a yellow flame, the composition comprising, by
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weight, a magnesium fuel within the range of approximately
eighteen percent (18%) to approximately thirty percent
(30%) of the composition, the magnesium fuel including
particles sizes selected from the group consisting of granula-
tion 15, granulation 17, granulation 18, and mixtures thereof,
a magnesium-aluminum alloy within the range of approxi-
mately zero percent (0%) to approximately five percent (5%)
of the composition, a sodium nitrate within the range of
approximately eighteen percent (18%) to approximately
thirty-eight percent (38%) of the composition, a barium
nitrate within the range of approximately twenty-six percent
(26%) to approximately thirty-six percent (36%) of the com-
position, a polyvinyl chloride within the range of approxi-
mately seven percent (7%) to approximately twelve percent
(12%) of the composition, an asphaltum within the range of
approximately zero percent (0%) to approximately five per-
cent (5%) of the composition, and a two-part curable binder
system within the range of approximately four percent (4%)
to approximately seven point five percent (7.5%) of the com-
position, the binder system including within the range of
approximately seventy percent (70%) to approximately
eighty percent (80%) epoxy and within the range of approxi-
mately twenty percent (20%) to approximately thirty percent
(30%) curing agent.

[0008] A method of producing a flare composition, the
method comprising the steps of: mixing magnesium within
the range of approximately eighteen weight percent (18%) to
approximately thirty weight percent (30%) of the composi-
tion, a magnesium-aluminum alloy within the range of zero
weight percent (0%) to approximately five weight percent
(5%) of the composition, sodium nitrate within the range of
approximately eighteen percent (18%) to approximately
thirty-eight percent (38%) of the composition, barium nitrate
within the range of approximately twenty-six percent (26%)
to approximately thirty-six percent (36%) of the composition,
polyvinyl chloride within the range of approximately seven
percent (7%) to approximately twelve percent (12%) of the
composition, asphaltum within the range of approximately
zero percent (0%) to approximately five percent (5%) of the
composition and a two-part curable binder system within the
range of approximately four weight percent (4%) to approxi-
mately seven point five weight percent (7.5%) of the compo-
sition, wherein magnesium includes particles sizes selected
from the group consisting of granulation 15, granulation 17,
granulation 18, and mixtures thereof, wherein the binder sys-
tem includes within the range of approximately seventy per-
cent (70%) to approximately eighty percent (80%) epoxy and
within the range of approximately twenty percent (20%) to
approximately thirty percent (30%) curing agent, blending
sodium nitrate within the range of approximately eighteen
weight percent (18%) to approximately thirty-eight weight
percent (38%) of the composition, barium nitrate within the
range of approximately twenty-six weight percent (26%) to
approximately thirty-six weight percent (36%) of'the compo-
sition, and polyvinyl chloride within the range of approxi-
mately seven weight percent (7%) to approximately twelve
weight percent (12%) of the composition, mixing the sodium
nitrate, barium nitrate, and polyvinyl chloride mixture to the
binder system coated magnesium mixture in a mixing bowl to
provide the composition, and wiping the sides of the mixing
bowl, screening the composition, aging the composition for a
period of time, and pressing the composition into the flare
composition.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above-mentioned and other features of this
invention, and the manner of attaining them, will become
more apparent and the invention itself will be better under-
stood by reference to the following description of embodi-
ments of the invention taken in conjunction with the accom-
panying drawings, wherein:

[0010] FIG. 1 is a schematic illustration of an illustrative
embodiment of a signal flare in an inverted orientation for
pressing by a ram.

[0011] FIG. 2 is a representation of a Chromaticity Dia-
gram.
[0012] FIG. 3 is a schematic illustration of a flow chart

illustrative of preparing the signal flare composition.

[0013] Corresponding reference characters indicate corre-
sponding parts throughout the several views. Although the
drawings represent embodiments of the present invention, the
drawings are not necessarily to scale and certain features may
be exaggerated in order to better illustrate and explain the
present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0014] The embodiments disclosed below are not intended
to be exhaustive or limit the invention to the precise forms
disclosed in the following detailed description. Rather, the
embodiments are chosen and described so that others skilled
in the art may utilize their teachings.

[0015] In the present disclosure, perchlorate oxidizers cur-
rently used in various in-service flare compositions are sub-
stituted with nitrate or other less energetic oxidizers. Because
these oxidizers are less reactive than those that include per-
chlorate, high-energy fuels are used to make up for the loss in
energy.

[0016] Specifically, compositions and methods are dis-
closed in which perchlorate-free pyrotechnic compositions
are prepared for use as linear burning, 0.75-inch diameter,
free-standing laboratory scale yellow signal flare candles. Itis
intended that these perchlorate-free flare candles be prepared
in such a way to produce either equal or superior luminous
intensities, burn times, dominant wavelengths, and color
purities when compared with the in-service perchlorate-con-
taining compositions.

[0017] Numerous perchlorate-free yellow flare composi-
tions of the present disclosure are mixed, pressed and func-
tion tested at laboratory scale. The compositions may be
initially pressed into laboratory scale pellets in order to fine
tune the burn rates and luminous intensity output. Composi-
tions may then be scaled to concept scale yellow flare candles,
such as 1.2-inch diameter linear burning prototype scale yel-
low flare candles pressed into fish paper tubes 8 (FIG. 1).
[0018] As shown in FIG. 1, flare candle 10 includes a bot-
tom layer of approximately 3 to approximately 5 grams of
inert fireclay composition 12, and a top layer of approxi-
mately 2.5 grams of ignition composition 14, on top of which
ignition slurry 15 is painted in order to aid in ignition transfer.
Typically inert fireclay composition 12 is a separate compo-
sition for safety purposes and for thermal insulation to pre-
vent flare candle 10 from igniting any smoke portion created
during operation of flare candle 10. Ignition composition 14 is
added as a top layer to assist in ignition of flare candle 10.
[0019] As discussed in greater detail below, flare candle 10
also includes perchlorate-free pyrotechnic composition 16.
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To enhance the safety of the pellet pressing operation, flare
candle 10 is pressed in an upside down orientation so that
moving upper ram 18 comes in direct contact only with inert
fireclay composition layer 12 and that base of press 6 comes
in to contact with ignition composition 14. Pressed flare
candles 10 are then subjected to performance testing in a
photometric tunnel. Flare candles 10 are illustratively tested
in an upside down orientation with a 12-14 mph airflow in
order to aid in smoke removal. Flare candles 10 may then be
subjected to the same flare performance testing as were the
Navy’s Yellow signal flare (IS Y 2) perchlorate-containing
yellow standard composition.

[0020] More specifically, the perchlorate-free yellow for-
mulations of the present disclosure may include from
approximately 18% to approximately 30%, percent by
weight, of magnesium which may be any one of or combina-
tion of Granulation 15 (GR 15), Granulation 17 (GR 17) and
Granulation 18 (GR 18). Materials including magnesium are
known to take several forms, such as powder, atomized, and
amorphous flakes. In one embodiment of the present disclo-
sure, the magnesium source is atomized.

[0021] In Table 1, granulation numbers 15, 17, and 18,
among others, are described in greater detail. In Table 2,
granulation requirements for granulation numbers 15, 17, and
18, among others, are described in greater detail. Tables 1 and
2 are from the American Society for Testing and Materials
document MIL-DTL-382D, the subject matter of which is
expressly incorporated by reference.

TABLE 1

American Society for Testing and Materials
(ASTM) Granulation Numbers

Nominal Mesh Size

Granulation Number Metric U.s.
1 425 um-180 pum 40-80
2 425 pm-180 um 40-80 (alternate)
3 300 pm-150 pm 50-100
4 300 pm-150 pm 50-100 (Army)
5 300 pm-125 pm 50-120
6 180 um-125 pm 80-120
7 150 um 100
8 125 um-75 pm 120-200
9 106 um 140
10 75 pm 200
11 180 um-75 pum 80-200
12 125 um-75 pm 120-200 (Army)
13 850 pm-300 pum 20-50
14 300 pm-150 pm 50-100
15 150 um-75 pum 100-200
16 75 pm-45 pm 200-325
17 300 pm-150 pm 50-100
18 600 pm-300 pum 30-50
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TABLE 2
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American Society for Testing and Materials (ASTM) Granulation requirements’.

Density?
Percent Percent gm/ml

Granulation Max Sieve Metric (U.S.)  Pass Min Sieve Metric (U.S.) Pass Max Min
1 600 pm (No. 30) 100% 180 pm (No. 80) 15% 0.65 055
2 300 pm (No. 50) 90% 180 pm (No. 80) 5% 0.65 055
3 600 pm (No. 30) 10% 150 pm (No. 100) 15% 075 0.65
4 850 pm (No. 20) 100% 150 pm (No. 100) 12% 0.625 045
5 425 pm (No. 40) 100% 125 pum (No. 120) 10% — —
6 212 pm (No. 70) 100% 125 pum (No. 120) 10% — —
7 150 pm (No. 100) 98% — — — —
8 250 pm (No. 60) 100% 75 pm (No. 200) 10% — —
9 125 pm (No. 120) 98% 75 pm (No. 200) 0% — —
10 125 pm (No. 120) 100% 75 pm (No. 200) 90-100% — —
11 710 pm (No. 25) 100% 75 pm (No. 200) 25% — —
12 150 pm (No. 100) 100% 75 pm (No. 200) 85% — 045
13 3.35 mm (No. 6) 100% 300 pm (No. 50) 5% — 045
14 300 pm (No. 50) 90% 150 pm (No. 100) 15% — 070
15 300 pm (No. 50) 100% 75 pm (No. 200) 15% 075 0.65
16 75 um (No. 200) 96% 4 pm (—) 0% — 062
17 600 pm (No. 30) 100% 150 pm (No. 100) 15% — 090
18 1.18 mm (No. 16) 99% 212 pm (No. 70) 1% — 090

Al percentages shall be by weight using sieves conforming to ASTME 11, “Standard Specification for Wire-Cloth Sieves for Testing
Purposes.” The powder shall pass through the required sieves readily without balling or the particles clinging together.
Density of the magnesium powder is determined in accordance with ASTM B 329, “Standard Test Method for Apparent Density of

Refractory Metals and Compounds by the Scott Volumeter.”

[0022] MIL-DTL-382D describes the process for measur-
ing the granulation units described in Tables 1 and 2. Specifi-
cally, MIL-DTL-382D states to place a weighed portion of
approximately 50 g of the sample on the top sieve of a nest of
sieves assembled as specified in Table 2 and provide with a
bottom pan. Cover and shake for 30 minutes in a mechanical
shaker geared to produce 300x15 gyrations and 15010 taps
of'the striker per minute. Weigh the portions retained by each
sieve and calculate to a percentage as required.

[0023] The perchlorate-free yellow formulations of the
present disclosure may include from approximately zero per-
cent (0%) to approximately five percent (5%) of commercial
Mg—Al alloy. During these preparations, commercial
Mg—Al alloy may be produced using Mechanical Alloying
technology. Mechanical Alloying is a dry, high energy ball
milling process in which an initial blend of powders is repeat-
edly kneaded together and re-fractured by the action of the
ball-powder collisions. Mechanical Alloying usually pro-
duces a powder in which each particle has content similar to
that of the initial blend of powders. Mechanical Alloy par-
ticles are chemically homogenous to at least the one hundred
nanometer (100 nm) level. That is the particles are composed
of alloy particles rather than agglomerated clusters of the
constituent starting materials comprising the initial blend of
powders.

[0024] The perchlorate-free flare compositions of the
present disclosure may not include either the hygroscopic
calcium nitrate or the environmentally objectionable potas-
sium perchlorate ingredients. Rather the perchlorate-free yel-
low formulations of the present disclosure may include from
approximately eighteen percent (18%) to approximately
thirty-eight percent (38%) of sodium nitrate, from approxi-
mately twenty-six percent (26%) to approximately thirty-six
percent (36%) of barium nitrate, from approximately seven
percent (7%) to approximately twelve (12%) of polyvinyl
chloride, from approximately zero percent (0%) to approxi-
mately five percent (5%) of asphaltum, and from approxi-
mately four percent (4%) to approximately seven point five

percent (7.5%) of a two-part curable binder system including
Epon™ Resin 813 epoxy and Versamid® 140 curing agent.
Epon™ Resin 813 is alow viscosity liquid bisphenol-A based
epoxy resin diluted with cresyl glycidyl ether. Epon™ Resin
813 is available through Hexion Speciality Chemicals of
Houston, Tex. (www.hexion.com). Versamid® 140 is a
medium low viscosity reactive polyamide resin based on
dimerized fatty acid and polyamindes. Versamid® 140 is
available through Cognis of Cincinnati, Ohio (www.cognis.
com). These compositions may be originally studied at labo-
ratory scale, and are then scaled to the same 24-gram flare
form factor. These compositions are then subjected to flare
performance testing.

[0025] During these tests, the luminous intensities are mea-
sured with a candlepower meter (also known as candelas
(cd)), and a Tri-Stimulus colorimeter may be used to obtain
X-bar, Y-bar and Z-bar color coordinates from which the
dominant wavelength and the color purity may be obtained
using the well-known Chromaticity Diagram as illustrated in
FIG. 2. Each of the three colorimeters in this device is filtered
so thatitrecords the emission intensity of the flare versus time
in one of three spectral regions in the visible spectrum. The
X-bar, Y-bar and Z-bar coordinates are obtained when the
ratios of the integrated intensity from each colorimeter is
divided by the total intensity from all three colorimeters. The
X-bar and Y-bar coordinates are then located on the Chroma-
ticity Diagram and a straight line is drawn through that point
and the “white light” point at approximately X-bar=0.310,
Y-bar=0.3=. The dominant wavelength is found at the point
this line intersects with the nearest axis of the Chromaticity
Diagram. The color purity is calculated as the percentage
corresponding to the fraction that is formed by dividing the
distance between the white light point and the measured X,Y
point by the distance between the white light point and the
intersection of the line with the axis of the Chromaticity
Diagram.

[0026] In these tests the luminous intensities substantially
exceeded those of the in-service perchlorate-containing ISY



US 2013/0292013 Al

2 yellow flares that were used as comparison standards. With
these higher intensities the perchlorate-free compositions of
the present disclosure may beneficially increase the burn time
of the yellow signal flares while still meeting all flare perfor-
mance specifications for luminous intensity, dominant wave-
length and color purity. A longer and brighter burning signal
such as this should beneficially increase the likelihood that a
signal being burned could be spotted.

[0027] Table 3 shows the chemical compositions of the
standard composition, as well as three perchlorate-free
embodiments that are based upon the predictions for opti-
mum performance of the NASA-Lewis Chemical Equilib-
rium Program. Also included in Table 3 are predicted adia-
batic combustion temperatures and mass fractions of the
combustion products.

TABLE 3

Perchlorate-Free Yellow Flare Compositions. Predicted
Temperatures and Mass Fractions of Combustion Products -
Yellow Signal Flare Compositions

Ingredient ISY 2-Std YSF-1 YSF-3 YSF-8
Mg 30.30 28.10 23.00 20.10
Mg—Al 0 0 3.60 0
NaNO, 0 20.00 26.10 37.00
Na,C,0, 19.80 0 0 0
Ba(NOs), 20.00 34.10 29.00 27.05
KcClo, 21.00 0 0 0

PVC 0 8.90 8.10 10.90
Asphaltum 3.95 3.95 3.95 0
Epon 813 347 3.47 3.47 3.47
Versamid 140 1.48 1.48 1.48 1.48

Predicted Combustion Products

T°K 1986 2349 2156 2813

Na 0.0595 0.0766 0.1019 0.1165
BaCl 0.0358 0.0590 0.0577 0.0066
BaOH 0.0377 0.0148 0.0055 0.0147
BaO 0.0254 0.0237 0.0053 0.1096
MgOf(er) 0.3486 0.2842 0.2322 0.2914
KCl 0.0185 0 0 0

Toxics

NaCN 0.00976 0.000057 0.00106 0
KCN 0.00699 0 0 0
HCN 0.00045 0.0000095 0.000077 0
[0028] Table 3 reveals that the substitution of sodium

nitrate for sodium oxalate, and the removal of the potassium
perchlorate with corresponding increases in the percentages
of'barium nitrate and polyvinyl chloride, is predicted to have
a number of benefits for the performance of the yellow sig-
nals. These include higher concentrations of emitting sodium
atoms (Na), as well as higher concentrations of green emitting
species such as BaCl and BaOH radicals, and higher pre-
dicted combustion temperatures. Furthermore, the new com-
positions are predicted to have the added environmental ben-
efit of either drastically reducing or eliminating the toxic
cyanide combustion products such as hydrogen cyanide
(HCN), potassium cyanide (KCN) and sodium cyanide
(NaCN).

[0029] A total of three performance test series were per-
formed on 15-gram laboratory scale flare candles made from
these three perchlorate-free yellow flare compositions,
together with the perchlorate-containing in-service IS'Y 2
yellow flare composition for comparison purposes. The first
test series included only the larger particle Granulation 18
magnesium fuel. Table 4 presents the measured burn times,
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Candle Power luminous intensities, dominant wavelengths,
and color purities from the first test series. The second test
series included only the smaller particle Granulation 15 mag-
nesium fuel. Table 5 presents the measured burn times,
Candle Power luminous intensities, dominant wavelengths,
and color purities from the second test series.

TABLE 4

Granulation 18 - Larger Magnesium Particles Lab Scale Performance Test
Results for Perchlorate-Free Yellow Signal Flare Compositions

Candle
# Flares Color Dominant  Power, Burn Scale
Flare Averaged Purity %  Wavelength cd Time, s Up?
ISY2 6 78.3 587 nm 1199 41 Std
YSF-1 6 71.3 583 nm 1442 51  Yes
YSF-3 6 78.4 585 nm 1357 52 Yes
YSF-8 6 75.3 583 nm 1571 59  Yes

TABLE 5

Granulation 15 - Smaller Magnesium Particles Lab Scale Performance
Test Results for Perchlorate-Free Yellow Signal Flare Compositions

Candle
Dominant  Power,
Wavelength cd

# Flares Color
Flare Averaged  Purity %

Burn Scale
Time, s Up?

YSF-1 3 89 582 nm 2140 26 Yes
YSF-3 3 90 584 nm 2630 26 Yes
YSF-8 3 87 582 nm 3805 26 Yes
[0030] As expected, decreasing the particle size resulted in

much faster burn rates with proportionately increased lumi-
nous intensities. As shown in Table 4, the in-service flare
composition on average burned in approximately 41 seconds.
It is noted from Table 4 that the perchlorate-free compositions
of the present disclosure with Granulation 18 magnesium
burned on average within the range of approximately 51
seconds to approximately 59 seconds. The perchlorate-free
compositions of the present disclosure with Granulation 18
magnesium also had a beneficially higher luminous intensity.
[0031] The in-service ISY 2 compositions was observed to
burn slightly faster than the perchlorate-free compositions of
the present disclosure with Granulation 18 magnesium, but
significantly slower than the perchlorate-free compositions of
the present disclosure with Granulation 15 magnesium. It is
noted from Table 5 that the perchlorate-free compositions of
the present disclosure with Granulation 15 magnesium
burned on average in approximately 26 seconds. Accordingly,
it is postulated that an optimized mixture of the two granula-
tions could be identified that would more closely match the
burn times of the perchlorate-free compositions ofthe present
disclosure with that of the in-service composition.

[0032] The perchlorate-free compositions of the present
disclosure with Granulation 15 magnesium also had a signifi-
cantly higher, beneficially higher, luminous intensity. The
in-service IS 'Y 2 compositions was observed to provide
approximately 1199 candelas. Itis noted from Table 5 that the
perchlorate-free composition of the present disclosure with
Granulation 15 magnesium provided within the range of
approximately 2140 candelas to approximately 3805 can-
delas.

[0033] Such compositions were tested in the third test
series and the performance test results are summarized in
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Table 6. Observations reveal that the flare plumes of the
perchlorate-free compositions definitely appear more yellow
in color than the perchlorate-containing ISY 2 standard com-
position which appears more “orange-yellow” in color. These
visual observations correlate well with the slightly shorter
dominant wavelength values produced by the perchlorate-
free compositions compared with the longer dominant wave-
lengths produced by the ISY 2 standard composition.

TABLE 6

Lab Scale Performance Test Results for Perchlorate-Free Yellow Signal
Flare Compositions with a Combination of Magnesium Particle Size
Granulations

Dominant ~ Candle Burn
Com- Magnesium % Color Wavelength, Powder, Time,
position #Tested Granulation Purity nm cd sec
YSF-1 3 60/40 86 578 1648 26
GR 15/
GR 18
YSF-3 3 60/40 89 579 2152 32
GR 15/
GR 18
YSF-8 3 60/40 84 578 2662 34
GR 15/
GR 18
ISY 3 GR 18 89 581 1525 38
28TD
[0034] All three optimized perchlorate-free compositions

of Table 6 produce significantly higher luminous intensities
than the ISY 2 standard composition. This should remain true
even if a slightly higher percentage of Granulation 18 mag-
nesium is used to adjust the burn times of the perchlorate-free
compositions to that of the in-service composition at 38 sec-
onds. Also, all of the perchlorate-free compositions meet the
ISY 2 flare performance specifications calling for dominant
wavelengths from 575-593 nm and a minimum color purity of
77%.

[0035] Tailoring of the burn time of these perchlorate-free
yellow flares can be accomplished by changes in the magne-
sium particle size distribution. It is also postulated that tailor-
ing the burn time can be accomplished by variation of the fuel
to oxidizer (F/O) ratio of the composition and variation of the
weight percentage of the epoxy binder system. From the
trends exhibited in the above tables, the burn time of the flare
candle can readily be tailored over a fairly wide range.

[0036] As shown in FIG. 3, illustrative manufacturing pro-
cess 20 includes the step of mixing 22 magnesium, optionally
including magnesium-aluminum, with the two-part curable
binder system. In one embodiment, the sides of the mixing
bowl are wiped with a non-sparking spatula during the course
of the mixing process of step 22. For example, magnesium
and the two-part curable binder system are mixed for five
minutes (5 min). This action may be followed by wiping the
sides of the mixing bowl with a non-sparking spatula. The
substeps of mixing and wiping may be repeated two (2) to
approximately four (4) times.

[0037] Manufacturing process 20 also includes the step of
blending 24 sodium nitrate, barium nitrate, and polyvinyl
chloride, and optionally including asphaltum. In one embodi-
ment, sodium nitrate, barium nitrate, and polyvinyl chloride,
and optionally including asphaltum are placed on either a
Standard No. 16 or No. 30 sieve. With a cotton mitt, the

Nov. 7,2013

ingredients are hand worked through the sieve onto a bottom
pan. This action may be repeated approximately three (3)
times.

[0038] The next step of manufacturing process 20 includes
mixing 26 portions of mix 22 with portions of blend 24. In one
embodiment, the sides of the mixing bowl are wiped with a
non-sparking spatula during the course of the mixing process
of step 26. For example, portions of mix 22 and blend 24 are
mixed for five minutes (5 min). This action may be followed
by wiping the sides of the mixing bowl with a non-sparking
spatula. The substeps of mixing and wiping may be repeated
two (2) to approximately four (4) times.

[0039] Manufacturing process 20 includes the steps of
screening 28 and aging 30 of perchlorate-free pyrotechnic
composition 16 for a period of time. Finally, manufacturing
process 20 includes the steps of press consolidation 32 of
perchlorate-free pyrotechnic composition 16.

[0040] This improved performance results from certain
beneficial changes in the manufacturing process:

[0041] As illustrated in step 26, perchlorate-free pyrotech-
nic composition 16 is mixed for longer periods of time after
adding the pre-blended sodium nitrate, barium nitrate and
polyvinyl chloride ingredients to the binder coated magne-
sium fuel. In one embodiment, the sides of the mixing bowl
are wiped with a non-sparking spatula during the course of the
mixing process of step 26. For example, composition 16 is
mixed for five minutes (5 min). This action may be followed
by wiping the sides of the mixing bowl with a non-sparking
spatula. The substeps of mixing and wiping may be repeated
two (2) to approximately four (4) times. This leads to a more
homogeneous mixture and seems to be an illustrative change
in terms of improved performance.

[0042] As illustrated in step 28 of FIG. 3, perchlorate-free
pyrotechnic composition 16 is screened 28 through a Stan-
dard No. 16 sieve after mixing step 26, and prior to press
consolidation step 32. In this illustrative embodiment, the
sieve serves to remove from perchlorate-free pyrotechnic
composition 16 any clumps larger than approximately 0.9
millimeter which would be expected to be binder rich and
would lead to a less homogeneous mixture if the larger
clumps are included.

[0043] Perchlorate-free pyrotechnic composition 16 is
allowed to age 30 for at least approximately three hours to
approximately four hours after being mixed 26 and before
being press consolidated 32 into flare candles 10. Perchlorate-
free pyrotechnic compositions 16 are allowed to age 30 over-
night and are found to be in an uncured state and in a readily
pressable condition. In one embodiment, the composition is
batched in five hundred grams (500 g) units for overnight
aging 30. It is likely that this aging step 30 permits any heat
and/or gaseous products that are liberated when the two
binder components are mixed 26 to be dissipated prior to
press consolidation step 32.

[0044] The press consolidation pressure 32 is increased
from approximately eight thousand pounds (8,000 lbs) dead
load to approximately nine thousand pounds (9,000 1bs) dead
load.

[0045] An advantage over the earlier versions of these yel-
low signal flares is that compositions 16 do not include envi-
ronmentally objectionable perchlorate ingredients. All of
these colored flares give comparable or somewhat improved
performance including their general appearance, candle-
power luminous intensity, burn time, dominant wavelength,
and color purity. This should ensure that these perchlorate-
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free colored signal flare compositions continue to meet or
exceed all of the performance parameters included in the flare
performance specifications for the yellow signal flares.
[0046] Another advantage is that elimination of the per-
chlorate oxidizer from these yellow compositions was deter-
mined not to have significantly increased the ignition sensi-
tivity of these compositions to impact, rotary friction or
electrostatic stimuli. This reduces the potential for an acci-
dental initiation of a signal flare. Table 7 is included to com-
pare the measured ignition sensitivities of the in-service and
perchlorate-free colored signal flare compositions, as well as
to explain the classification criteria used during this sensitiv-
ity testing. Itis noted that excessively high ignition sensitivity
can often be mitigated by substituting coarser fuel particles,
as well as by either increasing the binder percentage of the
composition, or by carrying out a separate binder pre-coating
step of electrostatic and friction sensitive fine particle fuels.
Accordingly, it is observed that the friction sensitivity of
compositions including 7% of epoxy binder is beneficially
improved when compared to the corresponding friction sen-
sitivities of the compositions with 5% and 6% of epoxy
binder. It is noted that this strategy was also effective in
increasing the burn time of the signal flares.

TABLE 7
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[0049] Of the perchlorate-free yellow compositions, the
YSF-8 is an embodiment. The YSF-8 is seen in the above
tables to produce the highest luminous intensity and is pre-
dicted to produce zero cyanide salt combustion products. It
also had the closest match in burn times to that of the in-
service ISY 2 yellow flare composition. However, if neces-
sary, the burn times could easily be matched more closely by
using a slightly lower percentage of Granulation 15 magne-
sium together with a correspondingly higher percentage of
Granulation 18 magnesium in the YSF-8 composition.
[0050] Some alternatives in the present invention have been
alluded to above and should be obvious to one skilled in the
art. For example, the ingredient percentages may be modified
in order to tailor the burn rate and cause the signal flares to
burn for a longer or shorter time. The percentage and the
particle size distribution of metallic fuels may also be modi-
fied in order to make the composition more or less sensitive to
accidental initiation by impact, rotary friction, or electrostatic
stimuli, as well as to tailor its burn rate. The choice of the
binder system as well as its weight percentage in the compo-
sition is also known by one skilled in the art to affect both the
ignition sensitivity and the burn rate of the signal flare com-
positions.

Ignition Sensitivities of In-Service and Perchlorate-Free Yellow Signal Flare

Compositions

Impact Sensitivity Friction Sensitivity

Electrostatic Sensitivity

50% fire Energy (ft-1b) Maximum No Fire
Sample Height (cm) Energy (J) Average Lowest Response Energy (Joules
ISY 2 Yellow 174.45 34.19 61147 19140 90% Fired 0.180
Standard
YSF-1 172.71 33.85 750.03 266.41 90% Fired 0.200
YSF-3 176.35 34.56 1152.60 109.06 70% Fired 0.800
YSF-8 178.40 34.97 730.75 188.73 70% Fired 1.250
Classification Criteria [0051] While this invention has been described as having

[0047] The following table represents the energy levels
required to classify a material with respect to its sensitivity to
various forms of external energy input.

Impact 50% fire Electro-
Sensitivity height energy Friction static
Level (cm) (Joule) (Foot-pound) (Joule)
Dangerous <10 <1.96 <30 <0.01
High <32 <6.27 <100 <1.0
Moderate <100 <19.6 <500 <10.0
Low <159 <31.16 <1000 <25.0
Very Low <50% fires at 159 cm/31.16 Joule >1000 >25.0

Non-reactive No energetic reactions observed at upper limit

of apparatus being used.

[0048] The perchlorate-free yellow compositions have the
added advantages of appearing more yellow as opposed to the
yellow-orange appearance of the in-service IS Y 2 flare
plumes. Also, the compositions either drastically reduce or
completely eliminate the toxic cyanide salt combustion prod-
ucts (HCN, NaCN, and KCN) of the in-service ISY 2 com-
position.

an exemplary design, the present invention may be further
modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses,
or adaptations of the invention using its general principles.
Further, this application is intended to cover such departures
from the present disclosure as come within known or custom-
ary practice in the art to which this invention pertains.

1. A flare composition for producing a yellow flame, the

composition comprising, by weight,

a magnesium fuel within the range of approximately eigh-
teen percent (18%) to approximately thirty percent
(30%) of the composition, the magnesium fuel including
particles sizes selected from the group consisting of
granulation 15, granulation 17, granulation 18, and mix-
tures thereof,

a magnesium-aluminum alloy within the range of approxi-
mately zero percent (0%) to approximately five percent
(5%) of the composition,

a sodium nitrate within the range of approximately eigh-
teen percent (18%) to approximately thirty-eight percent
(38%) of the composition,

a barium nitrate within the range of approximately twenty-
six percent (26%) to approximately thirty-six percent
(36%) of the composition,
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a polyvinyl chloride within the range of approximately
seven percent (7%) to approximately twelve percent
(12%) of the composition,

an asphaltum within the range of approximately zero per-
cent (0%) to approximately five percent (5%) of the
composition, and

a two-part curable binder system within the range of
approximately four percent (4%) to approximately
seven point five percent (7.5%) of the composition, the
binder system including within the range of approxi-
mately seventy percent (70%) to approximately eighty
percent (80%) epoxy and within the range of approxi-
mately twenty percent (20%) to approximately thirty
percent (30%) curing agent.

2. The composition of claim 1, wherein the magnesium fuel

is approximately twenty percent (20%) of the composition.

3. The composition of claim 2, wherein the magnesium fuel
includes mixtures of particle sizes.

4. The composition of claim 1, wherein the sodium nitrate
is approximately thirty-seven percent (37%) of the composi-
tion.

5. The composition of claim 1, wherein the barium nitrate
is approximately twenty-seven percent (27%) of the compo-
sition.
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6. The composition of claim 1, wherein the polyvinyl chlo-
ride is approximately eleven percent (11%) of the composi-
tion.

7. The composition of claim 1, wherein the binder system
is approximately five percent (5%) of the composition.

8. The composition of claim 1, wherein the epoxy is
approximately three point five percent (3.5%) of the compo-
sition.

9. The composition of claim 1, wherein the curing agent is
approximately one point five percent (1.5%) of the composi-
tion.

10. The composition of claim 1, wherein the epoxy
includes a liquid bisphenol-A based epoxy resin diluted with
cresyl glycidyl ether.

11. The composition of claim 1, wherein the curing agent
includes polyamide resin.

12. The composition of claim 11, wherein the polyamide
resin includes a reactive polyamide resin derived from dimer-
ized fatty acid and polyamindes.

13. The composition of claim 1, wherein the composition
excludes perchlorate.

14. The composition of claim 1, wherein the composition
excludes calcium nitrate.

15.-21. (canceled)



